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The renal handling of beta2-microglobulin in the dog. The renal
extraction of beta2-microglobulin (f32M) was investigated under steady-
state conditions achieved by constant infusion of human f32M. Fifteen
animal experiments were conducted. Beta2 microglobulin was infused
at rates ranging from 51 to 269 Lg/min. The renal arterial and venous
blood levels remained constant throughout the study period. The data
showed that renal extraction of2M exceeded the rate of filtration at all
levels of /32M delivered to the kidney. The tubular uptake of filtered
j32M increased linearly as did the extraglomerular extraction throughout
the range investigated. There was no evidence that either mechanism
was saturated. The fractional excretion of 2M (FE 2M) increased
linearly with the fractional excretion of filtered water (FE H20). The
results are interpreted to indicate that f2M is extracted from renal blood
by glomerular filtration and, in addition, by a mechanism independent
of glomerular filtration rate (GFR). Under the conditions existing in
these experimental animals, the linear relationship between FE f32M
and FE H20 is evidence to suggest that factors affecting proximal
tubular water reabsorption also affect p2M reabsorption.
L'élimination rénale de Ia beta2 microglobuline chei le chien. L'extrac-
tion rénale de Ia beta2 microglobuline (f32M) a été étudiCe dans des
conditions d'equilibre obtenues par perfusion continue de f32M ho-
maine. Quinze experiences animales ont été entreprises. La beta2
microglobuline a etC perfusée a des debits de 51 a 269 g!min. Les
concentrations sanguines artérielles et veineuses rCnales soot restCes
constantes tout au long de l'Ctude. Les résultats indiquent que l'extrac-
tion rénale de 2M a depassC Ic debit de filtration pour toutes les
quantités de 2M dClivrées aux reins. La captation tubulaire de Ia 2M
filtrée s'est élevée linCairement, de méme que l'extraction extraglomCr-
ulaire, pour l'ensemble des debits étudiés. 11 ny a pas eu d'indice de
saturation d'un des deux mécanismes. L'excrétion fractionnelle de 2M
(FE /32M) s'est ClevCe linéairement avec l'excrCtion fractionnelle de
l'eau filtrée (FE H20). Ces rCsultats indiquent que Ia 2M est extraite
du sang renal par filtration glomerulaire. et, en plus, par un mCcanisme
indépendani du debit de filtration glomérulaire (GFR). Dans les condi-
tions existant chez ces animaux expCrimentaux, Ia relation linCaire
entre FE 32M et FE H20 est une preuve de ce que les facteurs
modifiant Ia reabsorption tubulaire proximale dc l'eau modifient aussi Ia
reabsorption de f32M.
Beta,-microglobulin (p2M) is one of several small proteins
that occur in low concentrations in normal plasma. It has been
found on the surface of most nucleated cells where it is the
small subunit of the HL-A antigen in humans [II. The 16-A size
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and the globular shape of the 2M molecule, consisting of a
single 100-amino acid chain polypeptide having one intrachain
disulfide bridge, give it a presumptive sieving coefficient (SC) of
0.8 [2]. Turnover studies of 251-labeled 132M indicate that the
synthetic rate averages 95 /Lg!hr!kg [31. Conway and Poulik [41,
studying the metabolism of '251-labeled 2M in the rat, demon-
strated that 90% of the label disappeared from the serum within
1 hr and was recovered in the urine within 24 hr. A small
fraction of this was excreted as intact protein. These data
indicate that the renal catabolism of this protein is the major
route of degradation. Several studies are published which
furnish indirect evidence that extraction of/32M may occur from
pen-tubular capillary circulation [5—8]. Ravnskov, Johansson,
and Gothlin [9] studied humans and reported extraction rates of
2M greater than those for inulin. Fredriksson [10], studying
renal extraction of human /32M by the rat kidney, could not
demonstrate an extraction rate which was in excess of the
filtered rate. To evaluate the renal handling of/32M, we investi-
gated the renal extraction of human /32M in steady state
experiments conducted in dogs. Human 7M was used because
of its availability and similarity to dog p2M. The dog was
selected because it has a blood volume large enough to tolerate
the extensive sampling required to perform the experiments.
Methods
Beta2-microglobulin was isolated from the urine of a patient
with chronic interstitial nephropathy and marked ,M-micro-
globulinuria using methods previously described [11]. It is
assumed that the dog kidney cannot distinguish human from
dog 2M in the acute experimental situation. The studies of
Smithies and Poulik [12] demonstrated the similarity of dog and
human f32M with respect to the molecular size, electrophoretic
mobility and amino acid sequencing. No cross reaction between
the antibody to human and dog /32M could be detected in the
concentration ranges used in these experiments. This confirms
the findings of Smithies and Poulik [12]. To determine if human
J32M binds to dog plasma proteins, human /32M was added to
fresh dog plasma at a concentration of 16 j.rg!ml and incubated
for 90 mm at 37°C, the time period equal to the f32M infusion
periods in the experiments to be described. The plasma proteins
were then separated by dextran gel filtration, sephadex G-50,
using a 2.5 >< 100 cm column, equilibrated with 0.05 M TRIS/
HCI buffer in 0.5 M sodium chloride, pH 8.1, flow rate 1.25 ml!
mm. Two and one-half mm fractions were collected, and each
sample, from the exclusion volume through the total elution
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volume was assayed for j32M using the radioimmunoassay
method of Evrin et al [13]. This method can detect concentra-
tions of f32M as low as 0.003 g/ml with a variation coefficient of
8%. The elution volumes corresponding to the 12,000 dalton
fraction contained 96.8% of the microglobulin. The data were
interpreted to indicate that no significant binding of human /32M
to dog plasma proteins exists.
To determine whether or not dog /32M would be measured by
the radioimmunoassay method used for measuring human /32M,
we assayed a saline solution containing 300 Lg/ml of dog /32M
with the human radioimmunoassay method. This gave a con-
centration of f32M of 0.007 g/ml. We concluded from this that
no detectable cross reaction between dog J32M and the antibody
to human 2M exists.
The renal extraction of f32M was investigated in 15 male
mongrel dogs weighing 9.4 to 12.2 kg. The dogs were anesthe-
tized using pentobarbital, 30 mg/kg. A left nephrectomy was
performed through the abdominal incision to obtain the control
tissue for microscopic examinations and to facilitate the mea-
surement of total /32M extraction. Catheters were placed in the
jugular vein for infusion and the abdominal aorta opposite the
right renal artery, via the femoral artery, to sample arterial
blood and monitor mean arterial blood pressures. The latter
catheter was connected to a U-tube mercury manometer which
was read visually at 3-mm intervals. The animals were kept on a
heated animal board to maintain body temperature. Catheters
were also placed in the right renal vein via the femoral vein to
sample renal venous blood and in the right ureter for urine
collections. A loose ligature was placed around the right renal
vein at the junction of the vein with the vena cava. This ligature
was led to the outside through a glass tube which was held in
place by a clamp. Backflow from the vena cava into the right
renal vein was prevented during collection of renal vein samples
by pulling up on this ligature. A volume of blood equal to two
times the volume of the renal vein and abdominal aortic
catheters was drawn from each catheter just prior to the
sampling to avoid any dilutional effect of heparinized saline
used to keep the catheter patent. This blood was returned to the
animal immediately after the samples were drawn. Effective
(ERPF) and total (TRPF) renal plasma flows were calculated
from the para-aminohippurate (PAH) clearance arid renal arteri-
ovenous PAH extractions. The GFR was estimated by exoge-
nous creatinine clearances in all dogs and, in addition, by the
inulin clearance in dogs no. 2, 10, 11, and 14. The clearances for
inulin and creatinine varied by < 2.0% and, therefore, creati-
nine clearance (Cçr) was used in all animals for estimation of
GFR. The space of distribution of2M was assumed to be equal
to 10% of the body weight [15]. Each animal was studied at only
one infusion rate for f32M. The infusion rates used ranged from
51 to 297 tg/min. An intravenous fluid load of 20 mI/kg was
given as 0.75% saline over a 30-mm period during the surgical
preparation. This was followed by an appropriate priming dose
of PAH, creatinine, and inulin (experiments 2, 10, 11, and 14).
A constant infusion containing the appropriate concentrations
of PAH, creatinine, and inulin made up in 0.75% saline was
started and infused at 3.6 mI/mm. The serum creatinine concen-
trations averaged 10.20 mg/dl (SD 2.44) and the serum PAH
concentrations averaged 1.69 mg/dl (SD 0.29). Following the
surgical preparation, a 35-mm equilibration period was ob-
served. The time elapsing between nephrectomy and starting
the urine collection periods averaged 120 mm; the range was 75
to 135 mm. The priming dose of /32M was given and j3,Mwas
added to the infusion 30 mm prior to starting the collection
periods. At this point, the urine specific gravity had fallen to
1.004 as measured by refractometry. Urine pH, monitored by
Radiometer pH meter, ranged between 6.81 and 7.33. The urine
pH and specific gravities remained within these ranges through-
out the experimental periods. The urine samples were collected
at 10-mm intervals and simultaneous blood samples were drawn
from the renal vein and artery at 5-mm intervals, commencing
with the first urine collection period and ending with the end of
the last urine collection. Three to six urine periods were
collected for each experiment. The blood and urine samples
were analyzed for human /32M [13], PAH, and creatinine by
methods previously described [15], and inulin by the method of
Rolf, Surtshin, and White [16]. The ERPF, TRPF, and GFR
were calculated for each period. The blood concentrations for
human /32M, PAH, and creatinine were either constant or
changed slowly at a predictable rate during the time of the urine
collection periods.
The left kidney from dogs no. 2, 6, 7, 10, 11, and 14 served as
the control kidneys for light, electron, and immunofluorescent
studies. The specimens were fixed in 10% formalin and paraffin
embedded. Two-micron thick sections were stained with hema-
toxylin-eosin, periodic acid schiff (PAS), Jones periodic acid-
methenamine silver, and Masson trichrome reagents. Appropri-
ate sections were frozen immediately and prepared for immuno-
fluorescent microscopy using the direct immunofluorescent
technique as previously described [14]. Fluorescein isothio-
cyanate conjugated goat antihuman and rabbit antihuman /32M
antisera, which were prepared in our laboratory as well as that
commercially available (Dako-Accurate Chemical and Scien-
tific Corporation) were used in preparing the tissue samples.
Tissue samples were prepared for electron microscopy by fixing
small samples of each specimen in 2.5% phosphate-buffered
gluteraldehyde, pH 7.2, and postfixed in 1% osmium tetroxide
for 2 hr. Dehydration was accomplished by graded acetones;
following this procedure, tissue was embedded in araldite
epoxy resin, Ultrathin sections were cut and stained with lead
citrate and uranyl acetate. Examination was carried out using
the RCA 3G electron microscope. The right kidney of all dogs
was removed immediately after collection of the last urine and
blood samples, while the infusion of/32M continued. They were
fixed immediately for electron microscopy as well as light and
immunofluorescence by the procedures outlined above.
Results
The mean GFR, ERPF, TRPF, urine flow rate (V), renal
artery /32M concentration (RA /32M), renal vein [32M concentra-
tion (RV /32M) and urinary ,82M excretion (UV /32M) for all
urine collection periods of each animal are given in Table 1. The
GFR averaged 14.4 mI/mm (SEM 0.9), the ERPF averaged 47.5
mI/mm (suM 3.1), and the TRPF averaged 62.0 mI/mm (SuM
4.5). The GFR, ERPF, and TRPF are somewhat lower than one
would expect to find in the unanesthetized "healthy" one-
kidney dog. This most likely represents the effects of acute
nephrectomy and anesthesia on renal hemodynamics. Urine
flow rates varied from 0.3 to 7.7 mI/mm. the RA f32M from 1.29
to 12.0 g/ml and the RV /32M from 0.81 to 8.65 g/ml. The
mean arterial blood pressure averaged 102 12 mm Hg in all
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Fig. 1. The relationship between the filtered load of f32M in g/min,
plotted on the ordinate, and the renal extraction of ,32M, in p.g/min,
plotted on the abscissa. The dashed line represents the line of linear
regression (r = 0.99, P < 0.001).
dogs and fluctuated about the individual means by 10 mm Hg
in a random fashion throughout the course of the experiments.
The data showing the relationship between ,M filtered and
/32M extracted are illustrated in Figure 1. The 2M filtered was
estimated assuming a sieving coefficient of 1.0. The renal
extraction of 2M was calculated by the formula (RA /32M x
TRPF) — RV
,132M x (TRPF — V). The slope of the regression
line of filtered /32M on extracted p2M is 0.65 SEM 0.25. Since
the 99.9% confidence interval on this slope is 0.54 to 0.75, we
conclude that the 2M extracted is significantly greater than the
filtered /32M at all filtered loads. The extraction of 2M, in
excess of that filtered, also increased linearly in relationship to
the f32M delivered to the kidney (r = 0.90, P < 0.001, Fig. 2).
The urinary excretion of/32M increased linearly with the filtered
load (r = 0.73, p < 0.0025, Fig. 3).
No distinguishing morphologic differences could be detected
between the control and /32M-infused kidneys when studied by
light and electron microscopy. The f32M-infused kidneys could
only be distinguished from the control kidneys by direct immu-
nofluorescent staining for /32M in experiments no. 13, 14, and
15, the three animals subjected to the highest /32M loading.
These kidneys demonstrated patchy to diffuse fine granular
fluorescent material of varying intensity in the cytoplasm of the
proximal tubule (Fig. 4). No staining of the blood vessel walls,
interstitial tissue or glomeruli was discernable.
Discussion
The results of this study show that the renal extraction of
f32M exceeded filtered f32M over the entire range investigated
(Fig. 1). This was true for both lumenal uptake of filtered /32M
and that extracted from the blood that was in excess of the
amount filtered (Fig. 2). No apparent saturation point for
uptake of filtered 2M or for that extracted in excess of filtration
could be demonstrated at arterial delivery rates as high as 740.4
gImin. The difference between the filtered and the extracted
/32M would be even greater if the filtered ,132M was calculated
using the postulated sieving coefficient of 0.8 instead of 1.0. A
mechanism for 32M extraction other than filtration was first
postulated by Bernier and Conrad [5j who demonstrated that
the arterial disappearance curve of 2M injected into rats with
complete ureteral obstruction was not different than that ob-
served in normal animals. Bilateral nephrectomy resulted in a
markedly prolonged disappearance curve. We have reported
similar findings in dogs [151. Ravnskov, Johansson, and Gothlin
[9] demonstrated, in 7 of 22 patients, that the renal extraction
Dog no.
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Table 1. The mean data for GFR, ERPF, TRPF, urine flow rate, renal artery 2M concentration, renal vein 2M concentration and urinary 2M
excretion for all urine collection periods for each animal
UVB2M
.ag/min
GFR ERPF TRPF V RAB2M RVB2M
I 7.8 24.6
2 8.4 18.7
3 14.6 56.9
4 14.1 48.4
5 14.4 48.8
6 21.5 55.6
7 14.5 56.6
8 16.5 53.6
9 12.7 38.6
10 15.6 52.4
11 13.3 45.6
12 13.3 60.3
13 19.9 54.6
14 16.2 55.8
IS 13.0 42.1
Mean 14.4 47.5
SD 3.6 12.1
SEM 0.9 3.1
27.2
23.5
78.0
62.2
51.7
64.3
66.2
88.8
62.5
60.7
60.1
70.0
78.7
74.3
61.7
1.00
2.80
4.20
0.45
4.70
1.70
3.30
7.70
3.40
2.20
0.70
1.40
0.30
7.10
5.50
1.42
2.49
1.29
1.79
2.37
1.91
2.10
1.63
2.74
4.87
7.10
7.40
6.80
7.13
12.00
mI/mm
.ag/ml
Abbreviations: GFR, glomerular filtration rate; ERPF, effective renal plasma flow; TRPF, total renal plasma flow; V, urine flow rate; RA [32M,
renal artery f32M concentration; RV/[32M, renal vein /32M concentration; UV/f32M, urinary j32M excretion.
"The overall mean data are expressed only for GFR, ERPF, and TRPF.
0.81
1.44
1.00
1.31
1.63
1.17
1.59
1.20
2.15
3.15
4.81
5.38
4.60
5.33
8.65
1.8
7.3
8.7
3.5
10.7
17.7
5.6
22.0
15.6
20.1
30.9
7.4
17.8
93.2
109.2
62.0
17.5
4.5
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Fig. 4. Direct immunofluorescent photomicrograph of the f3,M-in fused renal tissue from dog no. II demonstrating granular fluorescent staining for
f32M in the proximal tubular lining epithelium. (Original magnification. 100 x 6).
rates of f32M were greater than those for inulin and concluded 132M using tracer doses of '311-labeled human /32M in rats. He
that pen-tubular uptake plays a major role in the renal extrac- could demonstrate no difference between extracted and filtered
tion of 2M. Fredriksson [10] measured the renal extraction of rates. He commented that the extraction rates were of question-
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Fig. 2. The relationship between the renal arterial input of 2M
expressed in p.g/min, plotted on the abscissa and the 2M extracted
across the kidney in excess ofthatfiltered, expressed in p,glmin, plotted
on the ordinate. The dashed line represents the line of linear regression
(r = 0.9, P < 0.001).
.
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Fig. 3. The relationship between the filtered load of 2M, in xg/min,
plotted on the abscissa, and urinary excretion of f3,M, in jsg/min,
plotted on the ordinate. The dashed line represents the line of linear
regression (r = 0.73, P < 0.005).
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able reliability due to the possible contamination of renal
venous blood with 131J which could not be separated from that
which was bound to /32M. Fredriksson's animals, in contrast to
those studied here, were not subjected to an increased load of
/32M. The experimental design of his protocol was such that
comparison of his data with data presented here is
inappropriate.
The fact that renal J32M extraction exceeded 2M filtered
suggested that /32M may be taken up by the pen-tubular
capillaries, the renal lymphatic system, or at the baso-lateral
proximal tubular cell membrane. Our experiments do not
provide data as to the site(s) of renal extraction in excess of that
filtered. We were unable to demonstrate by immunofluorescent
technique any recognizable f32Mbound to pen-tubular capillar-
ies or in the renal interstitium. It seems unlikely that renal
lymphatic uptake of /32M could account for the extraction. The
maximum renal lymph flow reported in dogs with two unob-
structed kidneys is < 2 ml/min [17]. Assuming a renal lymph
flow of I mI/mm in our animals, the concentration of human
/32M in renal lymph would have to average 8.3 times greater
than RA 2M if this was the extraglomerular route of extrac-
tion. It seems unlikely that human 2M would be transported
against a concentration gradient by dog lymphatic vessels. It
appears to us more likely that some uptake site for 2M is
located on the baso-lateral plasma membrane. Receptor sites
have been demonstrated for such low molecular weight proteins
as parathyroid [18], insulin [191, and growth hormone [201.
Studies to demonstrate such a receptor site for /3,M or other
nonhormonal proteins have not been reported.
In our experiments, we demonstrated that the uptake capaci-
ty of the proximal tubule for 2M was not saturated nor was the
uptake of filtered 32M complete at any filtered load. These
findings are similar to those reported for other low moleculai
weight proteins [2]. The FE 2M was 7.5% or greater in ow
experiments. This figure is higher than that reported for norma]
ambulatory man (FE <0.2%). This difference may be the result
of several factors existing in our animals, such as pentobarbita]
anesthesia, major surgery, and volume loading. Conway and
Poulik [4] have demonstrated that the FE 132M in rats, using the
species specific /32M, was 10 to 15%. Although the FE 2M ir
our animals is significantly higher than in man, there is evidence
in humans to demonstrate that the uptake system for filtered
/32M is neither complete nor is it close to saturation. Firstly.
there is always a measurable amount of f32M in human urine at
any filtered load. Secondly, fractional excretions of p,M <
0.01% have been reported with individuals having normal GF1
and serum J32M as high as 14 eg/ml [211.
The uptake of filtered proteins and peptides by the nephron'
is thought to be restricted to the proximal tubule. The reviews
by Maack et al [2] and Carone et al [22] present the data
supporting this view. In our experiments, the animals were
volume-expanded with hypotonic saline and had a water diure-
sis evidenced by urine specific gravities of 1.004 or less. One
would expect, therefore, that distal tubular water reabsorption
is at a minimum and that changes in water excretion reflect
primary changes in proximal tubular water handling. If these
assumptions are correct, the direct relationship between FE
2M and FE H20 (Fig. 5) is evidence to show that factors
affecting proximal water reabsorption also affect 2M
reabsorption.
It is well established that the kidney is the major route ol
extraction of f32M. We conclude, from our studies, that the
extraction occurs by two mechanisms: (1) the glomerular filtra-
tion with subsequent tubular uptake, and (2) degradation of/32M
by a mechanism independent of filtration, the site of which
remains to be identified.
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